Despite decades of research, the treatment and management of malignant tumors still remain a formidable challenge for public health. New strategies for cancer treatment are being developed, and one of the most promising treatment strategies involves the application of chemopreventive agents. The search for novel and effective cancer chemopreventive agents has led to the identification of various naturally occurring compounds. Xanthones, from the pericarp, whole fruit, heartwood, and leaf of mangosteen (Garcinia mangostana Linn., GML), are known to possess a wide spectrum of pharmacologic properties, including anti-oxidant, anti-tumor, anti-allergic, anti-inflammatory, anti-bacterial, anti-fungal, and anti-viral activities. The potential chemopreventive and chemotherapeutic activities of xanthones have been demonstrated in different stages of carcinogenesis (initiation, promotion, and progression) and are known to control cell division and growth, apoptosis, inflammation, and metastasis. Multiple lines of evidence from numerous in vitro and in vivo studies have confirmed that xanthones inhibit proliferation of a wide range of human tumor cell types by modulating various targets and signaling transduction pathways. Here we provide a concise and comprehensive review of preclinical data and assess the observed anticancer effects of xanthones, supporting its remarkable potential as an anticancer agent.
INTRODUCTION
Currently, cancer remains one of the most aggressive and lethal diseases worldwide. Although surgery, chemotherapy, and radiotherapy has been practiced for many years, these anticancer therapies can only offer limited benefits to cancer patients due to metastasis, acquired chemoresistance, and toxicity issues [1] [2] [3] [4] . Consequently, cancer prevention using non-toxic chemical entities, commonly termed 'chemoprevention', is a more realistic and fundamental strategy for the management of this disease. Evidence from both population-based and laboratory studies suggest that the regular consumption of fruits and vegetables reduce the incidence of degenerative diseases, including cancer, heart disease, and brain dysfunction [5] [6] [7] [8] . Due to the limitations of current therapies, natural products may serve as chemoprevention regimens and/or novel adjunctive agents to fill a critical need in the effective, safe, and less invasive treatment of cancer.
Mangosteen (Garcinia mangostana Linn., GML), a well-known tropical fruit, is indigenous to Southeast Asia but can be found in most tropical countries. This fruit exhibits a variety of pharmacological activities. The pericarp of the fruit contains considerable amounts of biologically active compounds, such as xanthones, terpenes, anthocyanins, tannins, and phenols. For centuries, the pericarp of mangosteen was used as a medicinal agent by Southeast Asians in the treatment of skin infections and wounds, amoebic dysentery, diarrhea, and cholera [9] [10] [11] [12] . Recently, commercial products of mangosteen added with essential minerals, containing mangosteen, green tea (Camellia sinensis), aloe vera, and multivitamins, were used by cancer patients as a dietary supplement [13] . Despite the lack of sufficient clinical evidence demonstrates that mangosteen consumption could reduce the incidence of various malignancy, these products are popular due to their perceived role in promoting health [14] . Mangosteen products are now one of the top-selling botanical dietary supplements [15] . In 2005, these products ranked sixth in single-herb dietary supplement sales, netting more than $120 million, a substantial increase compared to the previous year [16, 17] .
As of 2008, over 68 xanthone-type compounds had reportedly been derived from GML. Of these, α-mangostin, β-mangostin, γ-mangostin, garcinone E, and gartanin are the most abundant and most frequently studied [18] (Fig. 1) . The 1 H-and 13 C NMR, HMBC spectrum data show that structure of xanthones compounds are comprised of a basic xanthone skeleton and several different substituents such as aromatic protons, phenolic hydroxyl groups, methoxyl prenyl group, hydroxyl proton, oxygenated methine protons, or dihydrofuran ring [19] . Several studies have shown that xanthones possess significant biological properties, including anti-oxidant, anti-tumor, anti-inflammatory, anti-allergy, anti-bacterial, anti-fungal and anti-viral activities [20, 21] . Recently, the potential chemopreventive and chemotherapeutic properties of xanthones have been extensively investigated due to their inhibitory effect on every step in the process of carcinogenesis [22] . These compounds are able to inhibit several molecular targets in the tumor cells, including kinases, cyclooxygenases, ribonucleotide reductase, and DNA polymerases [22] . The anti-cancer activities of this kind of compounds are associated with their tricyclic scaffold but vary depending on the nature and/or position of the different substituents. For example, the xanthones with high anti-cancer activity contain tetraoxygen functions with two C5 units in rings A and C described by Suksamrarn et al. [19] ; the activity was generally reduced with the increase of hydroxyl groups in the C5 side chain; notably, the pyrano and furano rings bearing the hydroxyl group attached to the xanthone nucleus appear to enhance cytotoxic activity [19] . The anti-tumor activities of xanthones include cell cycle arrest, suppression of tumor cell proliferation, induction of apoptosis and differentiation, reduction of inflammation, and inhibition of adhesion, invasion, and metastasis [23] [24] [25] . Evidence for these activities is summarized in this review. The aim of this review is to elucidate the multiple molecular targets of xanthones as chemopreventive and chemotherapeutic agents and to provide rationales for testing xanthones in clinic trials (Fig. 2) . 
CHEMOPREVENTIVE AND CHEMOTHERAPEUTIC POTENTIAL OF MANGOSTEEN
Considerable interest in xanthones has emerged due to their potent inhibition of tumor initiation, promotion, and progression. These compounds may provide an alternative approach to prevent or delay tumor onset or to alter or prevent carcinogenic progression. The antitumor activity of xanthones was first observed in Raji and P3HR-1 lymphoblastoid cells [26] and later found in HL60, K562, NB4, and U937 leukemia cells [27] . In leukemia cells, α-, β-, and γ-mangostin were effective even at a low dose (less than 10 μM) [27] . Of these compounds, α-mangostin demonstrated the strongest inhibitory activity in all cell lines tested, particularly in HL60, NB4, and U937, with complete suppression of cell growth at 72 h of treatment. As a significant cytotoxic effect was not observed in peripheral blood lymphocytes, α-mangostin appears to preferentially target leukemia cells. Subsequently, studies demonstrated that the crude methanolic extract (CME) from the pericarp of GML exhibited significant antiproliferative activity in breast cancer cells (SKBR3; ED 50 , 9.25±0.64 μg/ml). The observed antiproliferative activity was associated with an induction of apoptosis as assessed by detecting morphological changes and oligonucleosomal DNA fragments [28] . In addition, xanthones especially γ-mangostin could inhibit breast cancer cells growth via decreasing aromatase activity which is required for the growth of estrogen-dependent breast cancer [29] . Sato et al. examined the efficacy of eight different xanthones, including α-and γ-mangostin, on the viability of rat pheochromocytoma PC12 cells [30] . Among these compounds, α-mangostin was the most potent, exhibiting an ED 50 value of 4 μM [30] . Matsumoto et al. investigated the antiproliferative effects of four structurally similar prenylated xanthones that differed in the number of hydroxyl and methoxy groups in human colon cancer DLD-1 cells [31] . With the exception of methoxy-β-mangostin, these xanthones strongly inhibited cell growth at 20 μM, and their antitumor efficacy was correlated with the number of hydroxyl groups [31] . Similar studies have demonstrated that prenylated xanthones significantly arrested tumor growth in epidermoid carcinoma of the mouth (KB), breast cancer (BC-1), small cell lung cancer (NCI-H187), CEM-SS cells, gastric adenocarcinoma cells, and B cell chronic lymphocytic leukemia (ESKOL and EHEB) [32] [33] [34] [35] [36] . In summary, these studies confirmed that xanthones, including α-, β-, and γ-mangostin, mangostenone C, and gartanin, inhibit cell growth at different ED 50 values.
Anticarcinogenic properties of xanthones have been linked with an impressive amount of data, primarily from human cell culture systems. Although animal models may provide more convincing evidence, only a few studies with respect to cancer prevention and therapy have been conducted in vivo [37] [38] [39] [40] [41] [42] [43] . Previous work has demonstrated the chemopreventive potential of α-mangostin on putative preneoplastic lesions involved in rat colon carcinogenesis [37] . Dietary administration of crude α-mangostin significantly inhibited the induction and/or development of aberrant crypt foci (ACF), dysplastic foci (DF), β-catenin accumulated crypts (BCAC) and proliferating cell nuclear antigen (PCNA) labeling in colon epithelium [37] . These findings suggest that short-term administration of crude α-mangostin has potential chemopreventive effects on colon carcinogenesis, indicating that longer exposures to a substance may lead to the suppression of tumor development [37] . In addition to inhibiting the formation of preneoplastic lesions in a rat model of colon carcinogenesis, α-and γ-mangostin also inhibited DMBA-induced preneoplastic lesions in a mouse mammary organ culture (MMOC) assay [38] . Watanapokasin et al. characterized the antiproliferative and cytotoxic activities of xanthones both in vitro and in vivo using the human colorectal adenocarcinoma cell line, COLO 205 [39] . The results from these studies revealed that, in vitro, xanthones not only inhibit the proliferation of tumor cells but also induce cell death through activation of the caspase cascade [39] . Using a mouse subcutaneous tumor model with COLO 205 cells, researchers demonstrated that the growth of tumors was delayed following intratumoral administration of mangosteen xanthones at relatively low doses (0.024, 0.12, and 0.6 mg per tumor). When treated with a high dose of xanthones (3.0 mg per tumor), tumor size gradually decreased, and complete regressions occurred in some mice [39] . Doi et al. observed the antiproliferative activities of panaxanthone (approximately 80% α-mangostin and 20% γ-mangostin) in a mouse model using the human breast cancer cell line, BJMC3879. The results revealed that tumor volumes were significantly suppressed in mice treated with 2,500 and 5,000 ppm panaxanthone in their diet and further confirmed the effects were associated with elevation of proapoptosis and antiangiogenesis [40] . In contrast, some studies have demonstrated inactivity at the highest dose of α-mangostin (20 μg/ml) in HT-29, LNCaP, and MCF-7 cells [41] [42] . Additional studies in DLD-1 cells have showed that the combination of α-mangostin and 5-FU significantly enhance growth inhibition compared to the treatment with α-mangostin or 5-FU alone in vitro experiment [43] . Taken together, these investigations suggest that mangosteen may possess marked antiproliferative activities and could act as a potential reagent for cancer chemoprevention and/or therapy. The differences in the efficacy of xanthones treatment may be due to variations in the dosage, the route of administration, the tumor origin, and/or the presence of other dietary components (Table 1) . 
Inhibition of Metabolic Activation of Carcinogens and Oxidative Damage: Implications for Suppression of Tumor Initiation
Many environmental pollutants, such as cigarette smoke, industrial emissions, and gasoline vapors can be converted to polar intermediates by undergoing biotransformation catalyzed by phase I and II enzymes such as cytochrome P450, acetyltransferases, sulphotransferases, glutathione S-transferase, glucuronyltransferase, particularly these belonging to the cytochrome P450 (CYP) superfamily. Following biotransformation, these intermediates are eliminated by undergoing conjugation reactions catalyzed by phase II enzymes that are responsible for the conjugation/detoxification of reactive metabolites. In the absence of adequate phase II enzymes, metabolically active carcinogens are more likely to target cellular DNA, causing DNA damage by forming covalent adducts with DNA nucleotides, which may ultimately initiate tumorigenesis [44, 45] . Of the various processes of carcinogenesis, blocking of tumor initiation through the induction of phase I and II enzymes such as CYP and quinone reductase (QR) is considered as an important cytoprotective mechanism. Xanthones have been reported to induce QR and inhibit P450 activity [46, 47] , suggesting that these substances may have potential uses for preventing cancer initiation. Currently, however, there has been limited study regarding the inhibitive effects of xanthones on phase I and II enzymes, and warrant further investigation.
In addition to undergoing metabolic activation to electrophilic species, some carcinogens produce excessive amounts of reactive oxygen intermediates (ROI), including hydroxyl radicals (OH ) which are involved in the development of cancer [48, 49] . These ROIs Aerobic organisms possess antioxidant systems that function to scavenge ROI. These systems include enzyme-based antioxidants, such as superoxide dismutase, glutathione peroxidase, catalase, and glutathione reductase. Tissue damage, however, can arise from an imbalance in free radicals and antioxidants, resulting in the development of a variety of degenerative disorders. The accumulation of ROI is pathogenic in that these species can react with cellular macromolecules (lipids, proteins, and nucleic acids), resulting in DNA damage, oxidative modifications, cellular disjunction, carcinogenesis, or cell death [50] . These reactions can lead to an accumulation of somatic mutations and eventually to the development of malignancies [51] . Antioxidants that inhibit or delay oxidative damage through mechanisms such as free radical scavenging are extremely important in the prevention of these malignancies [52] . As a major source of natural antioxidants, mangosteen may be an effective alternative [13] .
Based on the ability to scavenge the 2, 20-azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) free radical and the 1, 1-diphenyl-2-picryl-hydrazyl (DPPH) radical, a recent study showed that mangosteen exhibits a high level of antioxidant activities among 27 different fruit pulps [53] . Treatment of NG108-15 neuroblastoma cells with various extracts from the fruit hull of mangosteen results in neuroprotective activity and can antagonize H 2 O 2 -induced oxidative stress [54] . In SK-N-SH neuronal cells, mangosteen successfully prevented β-amyloid (Aβ)-induced cytotoxicity, increased ROS and caspase activity [55] . In a study conducted by Chin et al., the antioxidant capacity of 16 xanthones was evaluated in a hydroxyl radical-scavenging assay, and γ-mangostin was the only active compound (IC 50 , 0.20 μg/mL), while other compounds were considered inactive (IC 50 > 10 μg/mL) [56] . Taken together, these data suggest that xanthones may prevent the production of carcinogenic compounds and the formation of DNA adducts (Fig. 3) . Fig. 3 Anti-carcinogenesis effects: xanthones modulate carcinogen detoxification mechanism. Many pollutants such as cigarette smoke, industrial emissions, and gasoline vapors can be converted to active carcinogens and produce excessive amounts of reactive oxygen ...
Anti-Inflammatory Effects
It has been recognized that the components of the inflammatory signaling pathways are associated with carcinogenesis [44] . Mangosteen has been shown to exhibit substantial antiphlogistic activity. Shankaranarayan et al. reported that α-mangostin, 1-isomangostin and mangostin triacetate exhibited anti-inflammatory activity in a rat model [57] . Gopalakrishnan also demonstrated that α-mangostin inhibited systemic anaphylaxis and immunocytoadherence in guinea pigs and rats [58] . Chairungsrilerd et al. showed that α-and γ-mangostins could inhibit the contractions of isolated thoracic rabbit aorta induced by histamine and serotonin, suggesting that these mangostin compounds are histaminergic and serotonergic receptor blocking agents [59] . Furthermore, α-and γ-mangostin suppressed the release of histamine from IgE-sensitized rat basophilic leukemia RBL-2H3 cells [60, 61] , and the results from these studies indicate that the likely mechanism of xanthones mainly involves the suppression of the Syk/PLCγs/PKC pathway. Due to their role in carcinogenesis, apoptosis, and angiogenesis, both COX-2 and prostaglandins are excellent targets for developing new drugs to selectivity prevent and/or treat human cancers. γ-Mangostin also exhibited a potent, concentration-dependent inhibitory activity of PGE2 release induced by A23187, a Ca 2+ ionophore (IC 50 value of approximately 5 μM). Mechanistic studies revealed that these effects were mediated through the inhibition of both COX-1 and COX-2 activities [62] . Based on these findings, the author investigated the effect of γ-mangostin on spontaneous PGE2 release and COX-2 gene expression in C6 rat glioma cells. They found that long-term exposure to γ-mangostin significantly inhibited spontaneous PGE2 release and also inhibited lipopolysaccharide (LPS)-induced COX-2 protein expression, the role was associated with the suppression of NF-κB [63] . A similar study demonstrated that garcinone B could also inhibit both A23187-induced PGE2 release and LPS-induced stimulation of NF-κB -mediated transcription in C6 cells [64, 65] . Apart from inhibiting COX-2, pretreatment with α-mangostin significantly attenuated eNOS expression and NO levels in a rat model of isoproterenol-induced myocardial necrosis [66] . Though these findings indicate an ameliorative potential for α-mangostin in the context of isoproterenol-induced myocardial necrosis, studies should also examine tumorigenesis mediated by the NO pathway. Evaluation of methanol extracts from 32 plant parts of 19 different species of the genus Garcinia (Guttiferae) for their in vitro cytotoxic and nitric oxide inhibitory activities in three human tumor cell lines, MCF-7, NCI-H1460, and DU-145, it was found that of the 32 extracts, 27 exhibited cytotoxic activity in at least one of the three tumor cell lines. Among the tested extracts, G. bancana (stem) and G. malaccensis (stem) demonstrated the highest selectivity indices (>50) for NO inhibition [67] . The expression of pro-inflammatory cytokines appears to be differentially affected by xanthones. Although α-and γ-mangostin inhibiting PGE2 release effect is apparent (IC 50 = 6.0 μg/ml), moderate effects in the release of TNF-α and IL-4 were observed with IC 50 values ranging from 31.8 to 64.8 μM [68] . In primary cultures of newly differentiated human adipocytes, α-and γ-mangostin decreased LPS-induced inflammatory genes expression of tumor necrosis factor-α, IL-1b, IL-6, IL-8, monocyte chemoattractant protein-1, and Toll-like receptor-2 (TLR-2), this inhibitory effect was associated with the interference of the mitogen-activated protein kinases (MAPK) c-jun NH2-terminal kinase (JNK), extracellular signal-related kinase (ERK), p38, activator protein (AP)-1, and NF-κB [68] [69] [70] . Collectively, these data demonstrate that xanthones are effective in inhibiting the release of many inflammatory mediators releasing in non-malignant cells; however, further studies are needed to determine these xanthones' effects in cancer cells.
Induction of Apoptosis
GML has shown strong anticancer properties that are mediated by several modes of actions. The most common reported anticancer mechanism of GML is its ability to induce apoptosis in cancer cells through the modulation of multiple pathways related to regulation of cell death and survival [24, [30] [31] .
It has been reported that GML induces apoptosis in various cancer cell types by activating pro-apoptotic signaling molecules and by inhibiting anti-apoptotic molecules of the intracellular signal transduction pathways. The induction of apoptosis in human promyelocytic leukemia (HL-60) cells by α-mangostin was mediated by the activation of caspase-9 and caspase-3, but not caspase-8, indicating that α-mangostin may be involved in the mitochondrial apoptotic pathway [31] . In this study [31] , parameters of mitochondrial dysfunction, including swelling, loss of membrane potential (Δψm), decrease in intracellular ATP, ROS accumulation, and cytochrome c/AIF release, were observed within 1 or 2 h following treatment. In a similar study [30] , Sato investigated the effects of eight xanthones on cell death in PC12 rat pheochromocytoma cells. PC12 cells treated with α-mangostin demonstrated typical apoptotic DNA fragmentation, caspase-3 cleavage, mitochondrial membrane depolarization, cytochrome c release, sarco-endoplasmic reticulum Ca 2+ -ATPase inhibition, and c-Jun NH2-terminal kinase (JNK/SAPK) activation. These results suggest that α-mangostin inhibits Ca 2+ -ATPase to induce apoptosis through the mitochondrial pathway in the cells [30] . GML extract-induced SKBR3 human breast cancer cell line early apoptosis was accompanied by the production of reactive oxygen species (ROS). This was not surprising because the accumulation of intracellular ROS is one of the important mechanisms leading to early apoptosis. These data suggested that ROS has effects on both intrinsic and extrinsic apoptosis pathways through modulation of expression of the major molecules in these pathways, Bcl-2 and FasL. Such conditions cause damage to various cellular components, ultimately resulting in programmed cell death or apoptosis [28] . Whether xanthones as antioxidant is contradictory to promoting apoptosis by inducing the production of ROS in cancer cell lines deserve to discuss. This interesting phenomenon is possible, when xanthones serve as antioxidant, the general choose dose is relative low (5 μg/ml) or medium (10-20 μg/ml) dose, whereas it appears that xanthones usually cause apoptosis at high (40 μg/ml) dose, indicating that the different doses of xanthones impact different roles. These probable properties of xanthones provide scope of further detail evaluation. Some constituents from xanthones may serve as a novel powerful anti-tumor agent and free radical scavenger after further detailed investigation. Moreover, the antitumor effect of γ-mangostin in high grade human malignant glioblastomas cells (U87 MG and GBM 8401) was associated with significant enhancement of intracellular peroxide production was detected by DCHDA assay [71] . The cytotoxic effect of α-mangostin on human colon cancer DLD-1 cells was found to be caused by apoptosis, but there is either activation of caspases or changes in Bax, Bcl-2 protein and apoptosis-inducing factor (AIF) following α-mangostin treatment. However, the release of endonuclease-G from the mitochondria, increased levels of microRNA-143, and reduced levels of phospho-Akt and c-Myc were detected [43] . Interestingly, the levels of phospho-extracellular signal-regulated kinase (ERK) 1/2 were increased during the early phase until 1 h after the start of treatment and thereafter decreased, and increased again in the late phase [43] . These observations suggest that the miR-143/ERK5/ c-Myc pathway and mitochondrial factors endonuclease-G may be involved in α-mangostin-induced apoptosis. These findings provide evidence for unique mechanisms of α-mangostin-induced apoptosis. Notably, Nakagawa et al. reported that xanthones not only stimulated caspase-3 activation but also simultaneously induced a marked reduction in iNOS expression and NO production, which was previously reported to play an anti-apoptotic role in B-cell chronic lymphocytic leukemia (B-CLL) cells [32] . These observations indicate that xanthones could contribute to apoptosis via the NO pathway. Recently, it was reported that combined treatment with gartanin and tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL) resulted in a potential sensitization of TRAIL-resistant human gastric adenocarcinoma cells [72] . This result reveals the specificity of this molecule in its ability to exert its activity through different pathways in different types of cancer cells (Fig. 4) . 
Induction of Cancer Cell Cycle Arrest
It is well known that the cell cycle is normally regulated by a number of proteins, including p53, p21waf, the cyclin-dependent kinases (cdks) and their activators, the cyclins. The dysregulation of cell cycle machinery and checkpoint signaling pathways is a hallmark of malignant cells [73, 74] . Thus, modulation of cell cycle progression is one of the major strategies for both chemoprevention and chemotherapy. Treatment of mangosteen results in a direct inhibition of the proliferation and viability of various cancer cell types in vitro, as manifested by the significant arrest of cells at various phases of the cell cycle [23] . Matsumoto et al. demonstrated that the antiproliferative effects of four structurally similar prenylated xanthones, α-mangostin, β-mangostin, γ-mangostin, and methoxy-β-mangostin, were associated with cell cycle arrest mediated by modulation of the expression of cyclin A, B1, D1, E1, cdc2 or p27 in human colon cancer DLD-1 cells. The exposure of α-mangostin and β-mangostin to DLD-1 cells resulted in G1 arrest, and treatment of γ-mangostin led to S arrest [42] . These findings provide a rational basis for the development of xanthones as agents for cancer prevention or for use in combination with anti-cancer drugs; however, further experiments are required to explore the precise molecular mechanisms underlying the observed induction of cell cycle arrest (Fig. 5) . 
Anti-Invasive and Anti-Metastatic Effects
Metastasis of cancer cells is a complex, multistage process that involves changes in cell adhesion, migration, invasion, rearrangement of the extracellular matrix (ECM), anoikissuppression and reorganization of cytoskeletons [75] [76] [77] [78] . Using a cell-matrix adhesion assay, wound healing assay, and boyden chamber assay, Hung et al. were the first to report that α-mangostin exhibited an inhibitory effect on adhesion, migration, and invasion of human prostate carcinoma cells (PC-3). This effect was associated with decreased expression of matrix metalloproteinase-2 (MMP-2), matrix metalloproteinase-9 (MMP-9), and urokinaseplasminogen activator (u-PA) mediated by suppression of the JNK1/2 signaling pathway and inhibition of NF-κB and AP-1 binding activity [25] . In two similar studies using human breast adenocarcinoma cells (MCF-7) and human lung adenocarcinoma cells (A549), it has been demonstrated that α-mangostin could inhibit 12-O-tetradecanoylphorbol-13-acetate (TPA)-and phorbol 12-myristate 13-acetate (PMA)-induced cell adhesion, invasion, and migration events [80, 81] . The results indicated that α-mangostin could inhibit the activation of extracellular signal-regulated kinase 1 and 2 (ERK1/2), and downregulate the enzyme activities, protein, and messenger RNA levels of MMP-2 and MMP-9; this compound could also inhibit the degradation of inhibitor of kappaBα (IκBα) and the nuclear levels of nuclear factor kappa B (NF-κB), c-Fos, and c-Jun [79, 80] . A study in human lung adenocarcinoma A549 cells revealed that ERK1/2 inhibition occurred via blocking the activation of αvβ3 integrin and focal adhesion kinase (FAK). FAK is a non-receptor tyrosine kinase that is primarily localized to cell-matrix adhesions. It acts as a central regulator of focal adhesion, influencing cell survival, differentiation, proliferation, migration, and tissue remodeling. Briefly, α-mangostin is a novel, effective, antimetastatic agent that functions in regulating MMP-2 and MMP-9 gene expression. Promisingly, the merely in vivo study about antimetastatic activity of xanthones had been progressed in a BALB/c mice model with breast cancer cell, BJMC3879. The results showed that lung and Lymph node metastasis tended to decrease using 5,000 ppm panaxanthone in their diet. These results suggest that the observed anti-metastatic activity of xanthone may be of clinical significance as adjuvant therapy in metastatic human breast cancer [39] . Although the anti-invasive effect of xanthones has been observed, the underlying mechanism in the invasion process remains unclear. It is known that tumor growth is dependent upon angiogenesis and that for the process of metastasis to successfully occur to different organs, tumor cells must possess sufficient blood supply. Although the effect of xanthones exposure on angiogenesis and the regulation of HIF-1a and VEGF have yet to be reported, these areas warrant investigation (Fig. 6 ). 
CONCLUSION
Carcinogenesis prevention is considered to be a promising alternative strategy for the treatment of cancer. In recent years, many naturally occurring substances have demonstrated protection against experimental carcinogenesis. Based on this information, this review presents compelling evidence for the use of mangosteen not only to prevent but also to treat cancer due to the similar molecular targets that affect tumor initiation, promotion, and progression. Taken together, these results support that mangosteen can modulate various molecular pathways involved in multiple processes of carcinogenesis including the inactivation of carcinogens, the induction of apoptosis, the initiation of cell cycle arrest, and the suppression of metastasis. It may be used in combination with other chemotherapeutic agents as adjuvant therapies to achieve increased therapeutic efficacy and minimize chemotherapy-induced toxicity. Although there is compelling evidence to suggest that xanthones from mangosteen may be a remarkable candidate for chemopreventive and chemotherapeutic strategies due to its efficacy and pharmacological safety, further research must be conducted before the compounds can be employed as an agent for the chemoprevention/treatment of cancer. Extensive animal studies, long-term epidemiologic studies, and controlled clinical trials are necessary to evaluate safety and chemopreventive efficacy of mangosteen either alone or in combination with additional chemotherapeutic agents. Here, we emphasize that specific xanthone derivatives in future trials is important. α-mangostin, is the most widespread studied and exhibited the highest activity against breast cancer, human leukemia, lung cancer, pheochromocytoma, and colorectal carcinoma. Therefore, α-mangostin should be preferentially used to study for these cancers in future clinical trials. Garcinone E, the most toxic on hepatocellular carcinoma cell lines [24] , was valid against gastric carcinoma cell lines [24] , indicating it is good to use in alimentary system tumor trials. However, these are needed to be further explored clinically.
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